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In the last few years, 1 -aminocyclopropanecarboxylic acid (ACC) and its derivatives have attracted special attention due to their biological activityL21. The outstanding properties of the cyclopropyl group seem to be responsible for the selective inhibition of enzymes by many cyclopropyl amino acids. The best known cyclopropyl amino acid is the achiral 1 -amino-1 -cyclopropanecarboxylic acid itself, the biosynthetic precursor of ethylene, which is responsible for the ripening of Other cyclopropane derivatives are widespread among various classes of natural products, such as fatty acids, terpenes, steroids and amino acids. A replacement of the carboxylic group of ACC by a phosphonic group would yield aminocyclopropylphosphonic acids.
a-Aminophosphonic acids, the phosphonic acid analogues of a-amino acids, are finding increasing interestf41 because of their potential or proven biological Due to the tetrahedral structure of the phosphonic acid moiety, they act as "transition-state analogues" [6] and thus serve as models for enzyme or as components in enzyme inhibitors [8*11a1. Recently, we reported on the asymmetric synthesis of enantiomerically and diastereomerically pure cyclopropyl amino acidsIgl and phosphonic acid analogues of glutamic acid and proline [lO] .
In order to combine the outstanding properties of the cyclopropyl and phosphonic acid moiety, we were interested in the synthesis of aminocyclopropylphosphonic acids" I]. Although a few methods for the preparation of this class of compounds have been described[121, a general method is still lacking.
Diethyl isocyan~methylphosphonate ['~~ (1) can be deprotonated either with n-butyllithium or potassium tert-pentoxide. Upon addition of a 1:l mixture of boron tri-* fluoride-diethyl ether and epoxides 2, the diethyl 3-hydroxy-1 -isocyanoalkylphosphonates rac-3 were obtained after aqueous workup as a mixture of diastereomers at C-1 in 45-55% yield. In many cases, only one diastereomer was detectable by lH-, I3C-and I3P-NMR spectroscopical analysis. The nucleophilic attack exclusively takes place at the less substituted carbon atom of the expoxide with inversion of the configuration. The 3-hydroxy-1 -isocyanoalkylphosphonates rac-3 are precursors of the phosphonic acid analogues of homoserine, which could serve as "transitionstate analogues" for homoserines[61.
The diethyl 3-hydroxy-1 -isocyanoalkylphosphonates rac-3 were transformed into the mesylates rac-4 with methanesulfonyl chloride in the presence of triethylamine in almost quantitative yield. Upon treatment with potassium tert-pentoxide, the mesylates rac-4 underwent a base-mediated, SN2-type cyclization to afford the diethyl 1 -isocyano-1 -cyclopropylphosphonates racd. Due to the considerably large difference in size between the isocyano and the bulky diethoxyphosphoryl group, solely the diastereomers with cis orientation of R', R2 and NC were formed. Upon acidic hydrolysis with hydrochloric acid in methanol, the diethyl 1 -amino-1 -cyclopropylphosphonates rac-6 were obtained in 13-78% yield. Treatment of the diethyl l-amino-1-cyclopropylphosphonates rac-6 with trimethylsilyl iodide in dichloromethane and subsequent addition of ethanol and propylene oxide yielded the crystalline and diastereomerically pure 1 -amino-1 -cyclopropylphosphonic acids rac-7, which were obtained analytically pure without further purification. The relative configuration at C-1 and C-2 of 1-amino-2-methyl-1 -cyclopropylphosphonic acid (rac-7a) was assigned by 31P-NMR spectroscopy to be trans. The 'H3'P coupling constants were determined to be 3Jplcis_2-H = 11.4 In analogy we assume the relative configuration at C-1 and C-2 of the l-amino-l-cyclopropylphosphonic acids rac-7b and c to be trans.
Enantio-and diastereomerically pure 1 -amino-1 -cyclopropylphosphonic acids 7 should be accessible by using the (+)-camphor derivative 8 ['1 and/or enantiomerically pure epoxides[l51. In contrast to the diethyl3-hydroxy-1-isocyanoalkylphosphonates rac3a and b, the diethyl 3-hydroxy-1 -isocyanoalkylphosphonates rac3c and d could not be purified by bulb-to-bulb distillation. Upon heating, rac3c and d underwent an intramolecular transesterification to afford the 2-ethoxy-3-isocyano-l,2-oxaphospholan-2-ones rac-9. The relative configuration at C-3 and C-5 of rac3b was assigned to be trans due to the 3JHlH coupling constant of 11.5 Hz.
In analogy, we assume the same configuration for rac-9a. Consequently, the major diastereomers of the diethyl 3-
Using the same starting material 1 and a similar method, we were able to prepare the achiral diethyl l-isocyanocycloalkylphosphonates 11. Upon treatment of diethyl isocyanomethylphosphonate (1) with two equivalents of potassium tert-pentoxide and one equivalent of the dibromoalkanes 10, the diethyl 1 -isocyanocycloalkylphosphonates 11 were obtained in 35-62% yield. Compounds 11 are suitable precursors for the synthesis of 1 -aminocycloalkylphosphonic acids, which should be obtained as described above by acidic hydrolysis and subsequent dealkylation of 11.
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Experimental
Infrared (IR) spectra were recorded with a Perkin-Elmer 298 spectrometer. -NMR spectra were measured with a Varian XL 200 or a VXR 200 spectrometer for 'H and I3C NMR and a Bruker WP 250 spectrometer for 31P NMR. Chemical shifts are given in 6 values by using tetramethylsilane or dioxane as an internal standard for 'H and I3C NMR and orthophosphoric acid (85%) as an external standard for ,'P NMR. -Melting points are uncorrected.
-TLC analyses were performed on Polygram Sil G/UV254 silica gel plates. Silica gel (240-400 mesh) from Merck was used for flash chromatography. -Combustion analyses were carried out by the microanalytical laboratory of the University of Gottingen. -All reactions were carried out under nitrogen or argon. All reagents were purified and dried if necessary prior to use. -Diethyl isocyanomethylphosphonate (1) was prepared as described previously [I 31.
Diethyl3-Hydroxy-I-isocyanoalkylphosphonates rac-3. -General Procedure, Method A: To a stirred solution of 1 (2.66 g, 15.0 mmol) in THF (20 ml), n-butyllithium (16.0 mmol, 10 ml of a 1.6 N solution in hexane) was added dropwise at -70°C. After stirring at -70°C for 15 min, a precooled solution of the epoxide 2 (15.5 mmol) and BF3.Et20 (15.5 mmol) in THF (50 ml), which had been prepared by addition of boron trifluoride-diethyl ether (1 5.5 mmol) to a solution of the epoxide 2 in THF (45 ml) at -7O"C, was added dropwise, and stirring was continued at -70°C for 20min. Then a phosphate buffer solution (20 ml, pH = 7) was added, and the mixture was allowed to warm' up to room temp. within 15 min. The organic solvents were removed in vacuo, water (20 ml) was added to the residue and the mixture was extracted with three portions of diethyl ether (40 ml each). The combined organic layers were dried with MgS04, the solvent was removed in vacuo, and the crude products rac-3 were purified by bulb-tobulb distillation.
General Procedure, Method B: To a stirred solution of 1 (2.66 g, 15.0 mmol) in dichloromethane (40 ml), potassium tert-pentoxide (16.0 mmol, 9 ml of a 1.8 N solution in toluene) was added dropwise at -70°C. After stirring at -70°C for 15 min, a solution of the epoxide 2 (15.5 mmol) in dichloromethane (5 ml) and then BF3. Et20 (1 5.5 mmol) were added dropwise, and stirring was continued at -70°C for 20 min. Then a phosphate buffer solution (20 ml, pH = 7) was added, and the mixture was allowed to warm up to room temp. within 15 min. The organic solvents were removed in vacuo, water (20 ml) was added to the residue, and the mixture was extracted with three portions of diethyl ether (40 ml each). The combined organic layers were dried with MgS04, the solvent was removed in vacuo, and the crude products rac-3 were purified by bulb-to-bulb distillation or flash chromatography (silica gel, 70 g).
Diethyl3-Hydroxy-I -isocyanobutylphosphonate (rac3a):
According to method B, 2.66 g (15.0 mmol) of diethyl isocyanomethylphosphonate (l), 0.90 g (15.5 mmol) of 1,2-propylene oxide and 1.95 ml (15.5 mmol) of BF3.Et02 were used to yield 1.83 g (52%) of rac-3a after bulb-to-bulb distillation. Diethyl 3-Hydroxy-I-isocyanopentylphosphonate (rac3b): According to method A, 2.66 g (15.0 mmol) of diethyl isocyanomethylphosphonate (l), 1.12 g (15.5 mmol) of 1,2-epoxybutane and 1.95 ml (15.5 mmol) of BF3.Et20 were used to yield 2.21 g (59%) of rac3b after bulb-to-bulb distillation. Preparation of the Mesylates rac-4. -General Procedure: To a stirred solution of the alcohols rac3a-c (5.0 mmol) and triethylamine (0.80 g, 8.0 mmol) in dichloromethane (20 ml), methanesulfonyl chloride (0.47 ml, 6.0 mmol) was added dropwise with stirring at -1O"C, and stirring was continued at -5°C for 30 min. The crude mixture was washed with 30 ml portions of idwater, 2% hydrochloric acid, a saturated aqueous NaHC03 solution and a saturated aqueous NaCl solution. The organic layer was dried with MgS04 and the solvent removed in vacuo. The sensitive mesylates rac-4a-c were directly submitted to reaction with potassium tertpentoxide without further purification.
Diethyl I-Isocyano-I-cyclopropylphosphonates rac-5. -General Procedure: To a stirred solution of the mesylates rac-4a-c (5.0 mmol) in dichloromethane (20 ml), potassium tert-pentoxide (5.4 mmol, 3 ml of a 1.8 N solution in toluene) was added dropwise with stirring at -7O"C, and stirring was continued at -70°C for 3 h and at 0°C for 2 h. A phosphate buffer solution (20 ml, pH = 7) was added, and the mixture was allowed to warm up to room temp. within 5 min. The organic solvents were removed in vacuo, water (20 ml) was added to the residue, and the mixture was extracted with three portions of diethyl ether (40 ml each). The combined organic layers were dried with MgS04, the solvent was removed in vacuo, and the crude products racd were purified by bulb-to-bulb distillation.
Diethyl (la,2P)-I -Isocyano-2-methyl-l-cyclopropylphosphonate
(rac-5a): 1.18 g (5.0 mmol) of the alcohol rac-3a was used to yield 0.77 g (71%) of rac-5a after bulb-to-bulb distillation. Diethyl I -Amino-I -cyclopropylphosphonates rac-6. -General Procedure: A solution of concentrated hydrochloric acid (0.7 ml, 4.5 mmol) in methanol (20 ml) was added with stirring to the diethyl I-isocyano-1-cyclopropylphosphonates rac-5a-c (3.0 mmol), and stirring was continued at room temp. for 48 h. The organic solvents were removed in vacuo and water (6 ml) and then a saturated NaHC03 solution were added to the residue until pH = 7. The mixture was extracted with three portions of CHCl3 (20 ml each), and the combined organic layers were dried with MgSO,. The solvent was removed in vacuo, and the crude products rac-6 were purified by flash chromatography (silica gel, 20 g; diethyl ethedmethanol, 20: 1) . 60 (s; 2H, NH,), 3.90-4.30 (m; 4H, OCH2CH3 I-Amino-I-cyclopropylphosphonic Acids rac-7. -General Procedure: Trimethylsilyl iodide (1.2 g , 6.0 mmol) was added dropwise at 0°C with stirring to a solution of the diethyl l-amino-l-cyclopropylphosphonates rac-6 (2.0 mmol) in dichloromethane (20 ml), and stirring was continued at room temp. for 30 min. Organic solvents were removed in vacuo, and a mixture of ethanol (10 ml) and propylene oxide (1 ml) was added with stirring. After the precipitation was complete, the analytically pure aminophosphonic acids rac-7 were filtered off 
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